Uncontrolled use of antibiotics in Nigeria poultry production poses serious public health concerns with respect to spread and selection of antibiotic resistant foodborne bacteria and genes. Food processing animals especially poultry serving as reservoirs for antimicrobial resistant bacteria is of greater concern due to their potential ability in the spread of resistant genes among human normal flora.\[[@ref1][@ref2]\] The use of antibiotics in livestock management has been reported as one of the factors responsible for the development of resistant bacteria and dissemination from livestock strains to human.\[[@ref3]\] This is because antimicrobials used in the treatments of infected animals are in most cases of the same class of antimicrobials as those used in human medicine and may co-select for antimicrobial resistance in bacteria such as, enterococci during consumption of animal food.\[[@ref3][@ref4]\] Apart from being one of the primary causes of nosocomial infection, enterococci are also known as a reservoir of antimicrobial resistance genes.\[[@ref5][@ref6]\] Enterococci as part of human gastrointestinal flora are capable of both receiving and transferring of resistance genes from other commensals as well as pathogenic bacteria domiciled in the gastrointestinal tract.

Tetracyclines are class of antimicrobial agents that are frequently used in poultry because of their broad-spectrum of activities and affordability in terms of cost.\[[@ref7]\] Extensive uses of tetracyclines have often led to an emergence of resistant bacteria.\[[@ref7]\] As a mechanism of action, they enter the bacterial cell and prevent the association of aminoacyl-tRNA by binding to bacterial ribosomes, thereby weakening the ribosome-tRNA interaction and stopping the protein synthesis.\[[@ref8]\] The most commonly encountered tetracycline resistant determinant in enterococci is tet(M) and is commonly associated with conjugative transposon particularly Tn916\[[@ref9][@ref10][@ref11]\] although it has also been reportedly found on plasmids.\[[@ref12][@ref13]\] IS256 was initially described as the flanking region of the composite aminoglycoside resistance mediating transposon Tn4001. However, the element also occurs in multiple, independent copies in the genomes of staphylococci and enterococci.\[[@ref14]\] There have been reports of resistance to certain antibiotics including tetracycline by enterococci, which has also been attributed to extensive antibiotics use in veterinary medicine.\[[@ref15][@ref16][@ref17]\] According to Bonafede *et al*.,\[[@ref18]\] certain mobile genetic elements such as IS256 are involved in transfer of resistant genes in enterococci.

Tetracyclines are frequently used in Nigeria for livestock management\[[@ref19]\] hence the investigation on the prevalence of tetracycline resistant genes in human and animals in relation to commensal organisms remains an important research interest. Data regarding the occurrence and dissemination of tetracycline resistance genes and IS256 in enterococci from poultry in Nigeria are scarce; hence, this study was designed to investigate the prevalence of *tet* genes and IS256 element associated with commonly prescribed antibiotics (tetracycline) in enterococcal infection among poultry isolates of enterococci from Nigeria.

Materials and Methods {#sec1-1}
=====================

Isolation and presumptive identification of enterococci {#sec2-1}
-------------------------------------------------------

Enterococci spp. were isolated according to a previous method\[[@ref20]\] with modifications. Briefly, a hundred fresh chicken fecal samples were collected from 7 local poultry farms in the Ilishan, Ogun State, Nigeria. One gram of each fecal sample was diluted 1:10 phosphate-buffered saline (pH 7.4) vortex, and 100 μl of the solution was inoculated onto bile esculin agar (Oxoid) which was incubated at 37°C for 18--24 h. Presumptive enterococcal isolates with dark brown colonies and morphologically resembling enterococci were selected for further identification.

Identification by sequencing the 16S rRNA gene {#sec2-2}
----------------------------------------------

The DNA was extracted by QuickExtract™ DNA extraction solution (Epicenter, Wisconsin) according to the manufacturer\'s instructions. The extracted DNA was then used as a template in polymerase chain reaction (PCR) amplification with primers BSF8N 5'-AGAGTTTGATCMTGGCTCAG-3', BSR534 5'-ATTACCGCGGCTGCTGGC-3' in a 20 µl reaction consisting of 10 µl Master mix (RedTag, Sigma, Aldrich), 2 µl primers, 1 µl DNA, and 7 µl distilled water. The PCR conditions are 10 min of initial denaturation at 95°C, followed by 45 cycles of annealing of 15s at 95°C, 30s at 55°C, and 30s at 72°C, followed by a single 7 min extension at 72°C and finally set on hold at 4°C. The PCR products are analyzed on 1% agarose gel in TAE buffer containing GelRed, run at approximately 40 m amp for 45 min and visualized under ultraviolet (UV) light. The PCR products were purified and sequenced using standard procedures. The basic local alignment search tool program was used to compare the identity of the sequences obtained with those held in GenBank database.

Antibiotic susceptibility testing {#sec2-3}
---------------------------------

Antimicrobial susceptibility was determined by disk diffusion method on Mueller-Hinton agar (Oxoid, UK), according to the Clinical and Laboratory Standards Institute Guidelines,\[[@ref21]\] antibiotic susceptibility testing (AST) was performed for vancomycin (30 µg), erythromycin (30 µg), tetracycline (30 µg), gentamicin (10 µg), amoxycillin/claulanate (30 µg), and ofloxacin (5 µg). *Enterococcus faecalis* ATCC 29212 and ATCC 51299 were used for quality control.

Polymerase chain reaction amplification of resistance genes {#sec2-4}
-----------------------------------------------------------

All the isolates resistant to tetracycline, erythromycin, and vancomycin were further investigated for the amplification of *tet*, *erm*, and *van* genes, respectively. The bacterial DNA was extracted by QuickExtract™ DNA extraction solution (Epicenter, Wisconsin) PCR amplification was carried out using previously published primers \[[Table 1](#T1){ref-type="table"}\],\[[@ref22][@ref23]\] in a total volume of 20 µl containing 1 µl DNA templates 10 µl Master mix (RedTag, Sigma, Aldrich), 2 µl primers and 7 µl distilled water *ermA*, *ermC*, *tetK*, and *tetM* were amplified according to previously described method\[[@ref22]\] while *vanA*, *vanB*, *vanC*, *vanD*, *vanE*, and vanG genes were amplified in a multiplex PCR according to the method described by Depardieu *et al*.\[[@ref23]\] Some bacterial strains in our lab collection were used as positive control.

###### 

List of resistant genes primer used

![](JPBS-8-69-g001)

To establish whether IS*256* elements were present in resistant isolates, PCR amplification of a 468 bp fragment specific to IS256 was also performed with IS256 primer F 5'-TGAAAAGCGAAGAGATTCAAAGC-3' and R 5'-ATGTAGGTCCATAAGAACGGC-3' with PCR conditions at 95°C for 5 min, 25 cycles of 94 for 30 s, 52 for 30 s, 72 for 1 min and 72 for 10 min.

All amplicons were analyzed by loading 6 µl on 1.5% agarose gel, stained with GelRed and visualized under UV light.

Results {#sec1-2}
=======

Of the 100 samples analyzed, 60 enterococcal spp. comprising of *E. faecalis* 33 (55%), *Enterococcus casseliflavus* 21 (35%), and *Enterococcus gallinarium* 6 (10%) were recovered. Bacteria not in this category that were isolated along were not considered for further assay. [Table 2](#T2){ref-type="table"} shows the results of the AST of the isolated *Enterococcus* spp. All the isolates were resistant to erythromycin followed by tetracycline 81.67% (49/60), amoxicillin/clavulanic acid 73.33% (44/60), ofloxacin 68.33% (41/60), vancomycin 65% (39/60), and gentamicin 20% (12/60).

###### 

Antibiotic resistance pattern of enterococcal strains
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Detection of resistance genes {#sec2-5}
=============================

Detection of resistance genes and distribution among the 60 enterococci is summarized in [Table 3](#T3){ref-type="table"}. None of the enterococal spp. that were phenotypically resistant to vancomycin and erythromycin harbored the *van* and *erm* genes. Of the two *tet* resistance genes investigated, only *tet*(M) was amplified in 14 (23%) isolates and was distributed among *E. casseliflavus* (12/86%), *Enterococcus gallinarium* (1/7%), and *E. faecalis* (1/7%). Fifty-seven percentage of isolated *E. casseliflavus* carry the *tet*(M) gene. IS256 was detected in only 4 isolates of *E. casseliflavus* that were also positive for *tet*(M) gene \[[Table 3](#T3){ref-type="table"} and [Figure 1](#F1){ref-type="fig"}\].

###### 

Distribution of *tet*M gene and IS256 sequence among enterococci from chicken
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Discussion {#sec1-3}
==========

Monitoring of resistance to antibiotics among commensal bacteria is not only important in human population but also among animals in order to detect the possible transference of resistant bacteria or genes of animal origin to humans. Resistance to antimicrobials in enterococci from poultry has been found throughout the world and is generally recognized as associated with antimicrobial use.\[[@ref16]\]

In the present study, species distribution of isolates shows that *E. faecalis* dominated the isolated enterococci spp. with 55% population followed by *E. casseliflavus* 35%, and *E. gallinarium* 10%. This is in agreement with a previous study that reported the dominance of *E. faecalis* from poultry source\[[@ref24]\] but in contrast to many previous studies, *E. casseliflavus* was more prominent among the isolates while *E. faecium* was not isolated in this study. The reason for the low prevalence of *E. faecium* in this study remains unclear. More than 60% multidrug resistance was observed among the isolates to erythromycin, tetracycline, vancomycin, ofloxacin, or amoxicillin/clavulanate antibiotics commonly prescribed as therapeutic agents for human use as well as animals.

All the isolates were resistant to erythromycin while more than 80% were resistant to tetracycline and 65% resistant to vancomycin. In line with previous studies reporting prevalence of *tet*(M) among enterococci,\[[@ref9][@ref24][@ref25]\] results of the present study have also shown the presence of *tet*(M) gene encoding tetracycline resistance and were detected in 23.33% of the total isolates in this study. Among enterococci species, *tet*(M) is the most frequently encountered tetracycline-resistance gene and is most commonly located in the bacterial chromosome and has been found to be associated with conjugative transposons related to the Tn916/Tn1545 family.\[[@ref25][@ref26]\] Despite the high resistance to erythromycin and vancomycin among the isolates in this study, none of the studied isolates amplified the various *erm* and *van* genes investigated by PCR assay. This suggests interplay of additional mechanisms of resistance to these drugs that are not investigated in this study. Although evidence have established that erythromycin and vancomycin resistance could be associated with transposon elements that are usually flanked by insertion sequence (IS) elements,\[[@ref11][@ref25][@ref26][@ref27]\] in this study, IS256 was detected among *tet*(M) positive species of *E. casseliflavus* (*n* = 4) suggesting the presence of transposable elements usually flanked by two copies of IS256 among the isolates. Rice and Carias\[[@ref28]\] emphasized the important roles played by insertion elements in evolution of antimicrobial resistance in Gram-positive bacteria. According to McAshan *et al*.,\[[@ref29]\] IS elements are capable of influencing avirulent commensal species of bacteria to a nosocomial pathogenic species. This is achievable by genomic arrangement often brought about by series of event attributed to IS elements. Although this study did not carry out an investigation on the presence of the commonly encountered transposons such as Tn916/Tn1545 and other related ones, we have reasons to assume the presence of IS*256* among the isolates can be directly linked to their resistance profiles. This is because IS element within the IS256 family often form composite transposons.\[[@ref30][@ref31]\] There was an observed higher susceptibility (80%) to gentamicin among the isolates suggesting low frequency or absence of widespread Tn5281 (which is identical to Tn4001 in *Staphylococcus*) that harbors resistance to aminoglycosides among the isolates.

Conclusion {#sec1-4}
==========

Our study shows a high-level phenotypic resistance to various antibiotics tested, particularly tetracycline, as well as the detection of *tet*(M) genes which are believed to be disseminated via IS256 element in some enterococci strains. The presence of *tet*(M) which is believed to be associated with IS256 in this study is of great concern since this could serve as a platform for easy dissemination of resistance genes via horizontal transfer or genetic mechanisms. Interestingly, the majority of the detected *tet*(M) gene and all the IS256 elements were found in *E. casseliflavus*. Apart from high probability of horizontal transfer of resistance among these species in poultry, these IS elements may also facilitate genomic relocations among these species. An event which may not only affect gene expression but may also increase the tendency of acquiring further adaptive mechanisms leading to the development of pathogenicity among avirulent commensals. Although a lot of attention has not been paid to this particular species in recent times regarding dissemination of resistance genes and pathogenicity, from our indications *E. casseliflavus* should be closely monitored and be screened further for their role in dissemination of resistance genes. To the best of our knowledge, this study is the first in Nigeria describing the dissemination of *tet*(M) associated with IS256 elements among multiple drug resistance enterococci from poultry source.
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